C olor Doppler transesophageal echocardiography (TEE) has rapidly become an important noninvasive imaging tool for real-time on-line continuous imaging and monitoring.1-3 There are many centers where TEE is used routinely in outpatient clinics4'5 as well as during surgery and in early postoperative periods.6'7 It has various applications, for example, evaluation of the adequacy of valvuloplasty,8'9 management of dissecting aortic aneurysms,10-12 and monitoring of left ventricular wall motion to detect early evidence of myocardial ischemia. [13] [14] [15] [16] In the present state of the art, however, the major limitation is that only the transverse image can be obtained, with virtually no visualization in the longitudinal or oblique planes. Intraoperative epicardial echocardiography can provide important information; however, some of the drawbacks are that the technique requires placement of a trans-ducer in a sterile surgical field, thus introducing risk of infection; it is not an on-line continuous monitor; and it requires interruption of surgery. To overcome this shortcoming, in close collaboration with the biomedical engineering department of Aloka, Inc., we developed a biplane TEE probe with two orthogonal transducers that can provide synchronous biplane images of the heart for a side-by-side TV monitor display. '7 This article evaluates the clinical applicability of biplane images of the heart and aorta from the esophagus and describes the important advantages of this modality in providing new diagnostic information unavailable with conventional single-plane TEE probes.
Methods Patients
The study consisted of 200 consecutive patients examined in the Department of Surgery, Saitama Medical School, from September 16, 1988, to September 8, 1989 . Of the 200 patients, 105 were examined during surgery, in the intensive care unit, or both, and 95 were studied in the outpatient clinic. Informed consent was obtained from all patients in accordance with the regulations of our institution. Dyspnea was recognized in one patient Biplane Transesophageal Probe and Instrumentation The probe (Aloka UST-5228-4, Tokyo, Japan) is 13.5 mm in diameter and 100 cm long ( Figure 1 ). The transverse and the longitudinal transducers are mounted end-to-end, 1.5 mm apart, with the transverse transducer at the tip and the longitudinal transducer immediately proximal to it on the same shaft. The diameter is only 0.5 mm larger than the conventional single-plane probe we used (Aloka UST-5233-5), but the rigid tip is 29.5 mm long, compared with the 13-mm-long tip of the conventional probe. uniformly a scanning angle of 800, diagnostic depth of 9 cm, and frame rate of 15 frames per second. The position of the probe is finely adjusted to obtain maximum visualization of the jet with the 800 visual field. In each scan, the maximum MR jet size on the monitor is measured automatically with built-in software and a joystick to outline the area, and the mean of data from five consecutive heartbeats is calculated without arbitrary attempts to guess area of jet flow outside the scan angle or to add the areas of different scans. In cases of eccentric jets, the angulation of the scan is finely adjusted to obtain the best visualization of the jet, and when necessary, the wall echo is subtracted and color flow mapping of the jet is performed. The format of color flow imaging is similar to that of the conventional color flow technology; flow toward the transducer is displayed in red and flow away from the transducer in blue. The brightness of the color is in direct proportion to the velocity of the blood flow. Turbulence of blood flow is displayed with a mixture of green and red or blue (16 levels). When the blood velocity exceeds the velocity range, the color flow imaging is displayed in the opposite color, showing the aliasing phenomenon. A mosaic pattern usually appears when the flow velocity is very high or disturbed. The system can store 64 frame images in its cine-memory mode. It also allows storage of two sets of 30 images by built-in vertical split mode. In sequential and ECG synchronized freeze mode, two series of approximately two seconds' worth of images are stored (at a frame rate of 15 per second) and separately synchronized with the R wave of the ECG. The stored images can be replayed simultaneously on the same TV screen.
Results
In 199 of 200 patients, the probe could be inserted without any difficulty. One Anatomical observations in normal aorta and main pulmonary artery. We examined 28 normal aortas and main pulmonary arteries of 16 patients with primary valve pathology and 12 patients with ischemic heart disease. The following observations were made. 1) Ascending aorta: A few more centimeters of the ascending aorta from the aortic root were visualized by longitudinal scanning, thus providing an increase in the echo window of the ascending aorta. A wider anatomic area from the left ventricular outflow tract to the ascending aorta was displayed by longitudinal scanning (Figure 2 , panels a and a'). 2 
Aortic aneurysm. Examination of 20 cases of suspected nondissecting thoracic aortic aneurysm revealed a normal aorta in four patients and true aneurysm in 16 (thoracic, 13; abdominal, 3). These results were confirmed by angiography. Of our 48 aortic dissection cases, 30 were analyzed in detail, their entry sites being FIGURE 6. Figures 5 and 6 ). Although the longitudi- (Figure 9) .
In nine cases of mitral valve prolapse with severe MR, mitral valve replacement was carried out in five and mitral valve repair in four cases. In all nine cases, the preoperative longitudinal scan evaluation, performed by rotating the probe slightly, of the exact site of the prolapse (e.g., the anterior, middle, or posterior scallop of the posterior mitral leaflet) was found to be accurate (Figures 10 and 11) .
Ischemic heart disease. Thirty-three cases of coronary heart disease were examined by the biplane probe. The apical portion of the left ventricle continuing to the anterior and posterior walls was visualized in all but four patients by longitudinal scanning. The difficulties experienced with those four patients were thought to be a result of poor contact by the tip of the probe. This view is not obtainable with the conventional single-plane transducer. Aneurysmal dilatation of the apical portion of the left ventricle was detected by longitudinal scanning in six patients (Figure 12 ). These patients demonstrated no distinct abnormality on transverse imaging. Thus, the transgastric long-axis view on longitudinal scanning permitted precise evaluation of global cardiac function in a patient with apical aneurysm.
Congenital heart disease. Sixteen patients with adult congenital heart disease were examined with the biplane probe. Atrial septal defects were visualized in both planes (Figure 13 ), which allowed measurement of the size of the defect. Close correlation was obtained with the size recognized at surgery in eight patients. Moreover, the single case of sinus venosus atrial septal defect was correctly diagnosed before surgery with the longitudinal scan, which revealed the location of the defect between the left atrium and superior vena cava immediately beneath the right pulmonary artery.
Discussion
Although there were some earlier efforts18'19 to use phased array in biplane TEE, to the best of our knowledge, successful simultaneous delineation of the images obtained with biplane scanning has not been reported.
In both the above reports,18,'9 the biplane scanning used was not with color flow mapping or with side-by-side biplane imaging. Thus, our preliminary report at the International Symposium on Transesophageal Echocardiography in Mainz, FRG, in 1988 was the first to clearly document and define the color Doppler TEE biplane images of the major cardiovascular structures.16 Because the number of elements (32) in each transducer of the biplane probe is exactly the same as in the conventional single-plane probe, the image resolution was identical with both kinds of TEE probes. The tip of the biplane probe is only slightly longer than some commercially available single-plane probes; hence, no difficulty was encountered in its manipulation. We have also established the safety of the probe by examining 199 patients without any complication. The definite advantage of the new method is the availability of new acoustic windows to the heart and aorta provided by the longitudinal transducer and three-dimensional understanding of lesions by observing side-by-side biplane images.
Examination of the aortic dissections shows that longitudinal scanning has provided additional information regarding the site of entry, the site of reentry, the shape and size of the false lumen, and evidence of thrombus formation. Also, the additional windows of the biplane probe make it possible to visualize the portion of the ascending aorta and arch at the site of origin of one or more arch vessels. The addition of a longitudinal plane perpendicular to the single transverse plane of the conventional transesophageal probe permits three-dimensional understanding of the condition of aortic dissection. The experience in this series shows that either plane can identify true and false lumina of all cases in all three types of dissection. In identifying and localizing the entry site, biplane TEE was of confirmatory value in that both planes were equally demonstrative for types II and III. In the identification of entry sites in type I dissection, the two planes may prove to be complementary. Three tears in the arch near the origins of the innominate and left common carotid arteries were overlooked altogether on the transverse plane, but two of them were recognized on the longitudinal plane. In this area, where the vascular structures are obscured by air in the interposed 2) Because a difference of more than 50% in the size of the jet area on the two planes was recognized in 19 medial commissure. In this technique, it is important that the tip of the probe be slightly rotated until the desired alignment is obtained (Figure 11 In the recent past, several reports from various heart centers have demonstrated the usefulness of biplane TEE in various cardiac diseases in addition to MR and dissecting aneurysms,2'-26 including its applications in the detection of left main coronary artery stenosis. 27 One of the drawbacks of the biplane technology is that it is not in true real time. The images from each transducer must be stored in the cine-memory and then replayed shortly afterward. Also, because there is a 1.0-cm distance from center to center of the two transducers, slight repositioning is required to image the same portion of the heart, and good contact with the esophageal wall is necessary. On occasion, some difficulty may be experienced in obtaining the same degree of contact with transducers. One other drawback is that the present instrument is too large for pediatric use. Although the quality of each of the biplane transducer images does not have the high resolution of certain 48-or 64-element high-image-quality single-plane transducers, the biplane image provides a three-dimensional understanding, and it is likely that future technological improvements will make possible even higher-resolution biplane images. To resolve these problems, further advances in related technologies are being studied.28 '29 In conclusion, the clinical application of the new technology of color Doppler biplane TEE in 199 consecutive patients was described. An attempt was made to delineate biplane images in normal and diseased heart and aorta. The technology is definitely superior to previous technology in that it not only provides the images obtained by the conventional single-plane transducer but also provides longitudinal images, thereby increasing the acoustic window of the heart and aorta from the esophagus. Furthermore, it is possible to reproduce the biplane images and display them simultaneously side by side by means of the cine-memory loop. Hence, three-dimensional understanding of cardiac structure and flow dynamics in cases of MR and aortic dissection was possible with biplane scanning. The color biplane TEE probe is versatile; it can be used for transverse scanning or longitudinal scanning alone or for biplane scanning with side-by-side simultaneously reproduced biplane images. 
